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mm <D&m stymie a vmtmwm&xm 

[tmmi] ^Mg a Zni_ a O (fc**U O^a^l) SLBKtfcfc 
g a Zni- a O (fcrtfU O^a^l) IMia^t^?^ ^omtfin 

[tt^4] f fenliSai^nlF-/^ MS^l X 1 0 1 7/ c 
m 3m±l X 1 0 2 0 / c m 3 * ISM 3 fBm<7)^7t 

I n <D l ffiXtt 2 SJUJl±-eab & - ^ i"^>i*M lftv»L40V»f*i^l 

[|$|6] «rlBnfflia»tf01»±MOVPEfeH £ «K iSW^tnS 
K-;ObmtitMg a Z n i _ a OfflHMfcflMfi: LTJfcft$*ifct>«>-C* 

m^M7] mmnmm&&m&. t»niK-^> bias* «? m& 
imam & ] 1 7 ©v>-r *l* 1 ekis*©***^ 
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#M 2 0 0 3-0 8 7 3 9 5 ^-v : 2/ 

»ji^*ot, #*Mg a Zni_ a O (/c^fU O^a^l) SSHfc&fc 

[*9!<0|**||ftBMI] 
[0 0 0 1] 

[0 0 0 2] 

MMfcfctt 1 1 
§12 0 0 1-4 4 5 0 O^m. 
[0 0 0 3] 

&o L^Lft^«b> A 1 G a I nN^t3(s|-t±Jfc«W^ft^JK"C2b&G a tin 
i: ft & 37 1^77 fifimftifiti v>o £ fc> J&ft^E^ 7 0 0- 
1 00 0ti*<, Kj6«F^ffi^oai^>i/^-^3Bf$tL^^)*>^:iftKSo— 

MtL<^o U:ii, t7r^7*ft±^ <£«9£flliftMg 

[0 0 0 4] 
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: 3/ 



t-r&mm] 

L^L&rt s ^ Mg Z nO^mikt^ Mi±#H^TiC-CMOVPE (Metal 
Organic Vapor Phase Epitaxy) ^^fBJ&ftvS^J&S t £ 7 tlr&t, i£ 

^pM*^^(±Ktt###M (&T> TintrinsicJ Ol^^ffflLT, Ti 

MJ i: & ) MgZn o^m^b^s (Di&mm^ T & v^p Q ^^^> & o 

[0 0 0 5] 

zti&o fit, m^mmmmom^wmm^mommzjM^tj:^xo, p 

[0 0 0 6] 

^ 7kv i m.&jm<v & h & mm k & ^ u t * & - 1 j&*j"b $ tt & 0 

[0 0 0 7] 

Mg a Z n 1 - a OSK^^^SfS^iai:, *<Dffl$L 

mmm ^bb« $ ti/:Hfi^oM g z n o^k^^uMMi £ fc^rt & > swffi 

8M££«*LfcM g a Z n 1 - a OSlSMb^O^^ £ fcfc& 0 
[0 0 0 8] 

^Mg a Zni_ a O (fc£U O^asSl) fflBMb*^ J: *)»JK**l* p 
Kits SttS^nI^9y KS^iOMSJ^-eStJS^ttfe^^^r-n 
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1 1 i> inl^ 7 y K/fO^ffiffili^aEMI^ Mg a Zni_ a O (fc 
f£U O^a^l) IBlMb»fc.l:»»«JS3*U ^nl^7 7 KliHnIK 

[0 0 0 9] 

&mmtmm<Dmmmi>. ^pM^&otLTi^L&&t*u;r&ib&v> 0 l 

rt>U Mg a Zni- a OaBMfc«J«i«««f«3(EXil*fe C^fv^c^H p M 
fcW&ifctt^tffcffiJftTNfc&o p!Mg a Zn i_ a OSiatf 

{4. IE?L£3&£lit&L if©pIM> h (7**7*) £Mg a Zni_ a 
OSSMttftf* K— Vf V **1~ l>ii:T*Kt- &*§{f U il^p I^fftt 

h (Djz-tmm, m g z n o«i>f k p m k-^> > Lfcj&kfc^fifs 

M^nWpIMg a Z n i - a OIilftW 

[0 0 10] 

JHU Ral^ ? f KiOMffiffifl©±^Ii:, Mg Z nOaBMMfefcJ: 0 * 
*nSH£«tn»4r88:ttSJ:-5HL/io nlOMgZ nOI«li> pl^ 
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[0 0 11] 

T3&ft"e #5/^ K^Mfcifc£fr&f&#EI&*«E*\ inl 
[0 0 12] 

+^4m«*6iS2tt**#*»3*i, nlfiM^y-hffiim 1X10 

J§ £1? < -ftUflMT- § £ /6n S^tPf* <D1S;T H o & rt* & <Z) -£\ ii^li^liff 
0. 1 ^mJ^_hl OjumJ^T^tSt^- tv> 0 
[0 0 13] 

* LT\ nltSeiiOtinS^ -V y T^jKJi 1 X 1 0 1 7 / c m 3 &± l 
X 1 0 2 0/ cm 3^ T ^§it^J LV\ tinl^rt'J TiftKtfU X 1 
0 1 7 / c m 3 ^-e f i+^^ YfflMB&jFaLtbTs lxl()20/ cm 3 

. B, AK Ga^I n011Xli2#U*«ffl-el-& 0 niH&StfbJSMU 
iiifMOVPEfeCJ;^ MtPl^tniFwNVb^tl^Mg a Z n 

i- a offl«Mk*Jii:LTift*i-*ti:*«T&&o nm&mMtt. mm- 

[0 0 14] 
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^—5?': 6/ 



fr * *> * v^flljfi & HIT?* * o 
[0 0 15] 

(±pl^77 Fl^^MgZnOi*^ Mg a Zn i- a OWfti:IJ:I 

n^-r * p sBKb&s 9 £ t k & z> piKwr/f *^ini" 

fcifcR^fc < & *K fcn n B K<& pMfc L < (i i M<7>M g a Zni- a OMfHb 

ft&mm*vmir&titbK\z^ m^m^^u s z n oi*t?-w:4i:s 

* L^o plf«ltlt(i, fll^tfC uO, N. i OR&L i 0<*>v>1**L#& 

i^tn^^fffltl-So CuOifitJ^ Cu©-»'G 

[0 0 16] 

ipi£;rr&&?> Win'-^^^i) ti«ti.uh^i^o pi 

1 $»«&T^*JMG*#1"* *> t bTJ&a-t * £ t i 0 n pi K h 
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#112 0 0 3 - 0 8 7 3 9 5 



^-v : 7/ 



[0 0 17] 

^WV^ftm^-te^T, Mg a Z n i _ a OIBBMk»tt5WlJS*ffiK: i 0 
OVPE^ffl^:!^ mT^^1-5pj*^^, 0 MOVPE&TiS. J&SfO 

ytm^lZsFuSKVpmMg a Z n i - a OJf , Mif^t»^£ 1 Ofl/. 

cmSj^Tt L/cplMg a Zn i- a 0i^ltll,j:^:^^ o Bfefg^ClH 

[0 0 18] 

MOVPE&t:J:^pl^7-y Fe*&v»tiiarft«Oj&R»± % lTorr (1 
. 3 X 1 0 2 p a ) J^OJEE^^L/c^ffl^^frfc? iiKi j£m*<D 

orr (1. 3X10 2p a ) J^ltnWv^ 
[0 0 19] 

MBEft^ffiv^t^ (~1 0-1 0To r r) tpXpM? 

9? Vm&Z^ltm&mO)&Mi!) s ft%:fc>i%&tztb\ l z, ±|BMO V P E&KJfc^T 

z^-fZo pi^7 7 KS^^^{±si4®co^ H H H tt^^46^,iii^Br 

y vm * k^hi $ tL* P Mm^s * tz x xmmm. f- :/« oji t w £^ 

o 

[0 0 2 0] 
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8/ 



t: N ^Mg a Zni- a O (fcrtfU O^a^l) i»C^«$^ 
[0 0 2 1] 

KtBI" & *> > nl^7 7 K13 4 % flftfcS 3 3 ItFpl^ 9 y KJp 3 2^ 
iO0^twT59tJl$*L/i|&jteJl«52 4 ttttv»ft, LT> #Jf3 2~3 4ti 
v^-ftt^Mg a Zn i _ a OSU&fbttJf (O^a^l I J^T, MgZnOhkfB 
i" : fc/f L> &£k&a<V&mfrt>1>Wbfr%:£r> MgZnOtEUv^t^ 
% itLliMgOSlFZnO^fMftW^^tr^t^^) t LXJ&ffi, 

[0 0 2 2] 

1 «U §&7frf 2 40n^7<;KI3 2 f lJ«Hfcffi® ttfl $ tt 
. |nl^ 7 y KJf 3 2 OjfcSfcffiWBO^lJ^ Mg a Zni- a O (tztzL 
, O^a^l) IB»*fc»K:J:9flMfc3*U ^nl7 7 7 FliHnlK-^ 
> h <7)&*^v^ nM1£t£*/ie 3 5 rfTOt *LTV*& 0 KnlfifiSil 350 

^vn°7 K9^@BS$ttTv^ 0 f fc % ZL<Dtf>TJ >^V\°y K9ic(i> ffifcffio 
[0 0 2 3] 

l&*JS«P2 4 0*M« (pl7 7 y K@ 3 4 HI) tic, Ag (Au*4v> 
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o 

[0 0 2 4] 

3 3, 3 2, 3 5li, ctt^^ft^^H^^o MgZnOO 

trt^m^afcLraMiefli-e^So flfcfr, pi^v^ k«3 2 3 3« 

[0 0 2 5] 

nI^77F!32tt, SteJB 3 3 K^t*^^^**^*-* i -9 . 
nl^t'J TaS^x.{?l X 1 0 1 Vcm3l±l X 1 0 2 0 c m 3 \>XT<D 
mnr-m&Ztl&o BaM>UUtt, B> AK GaMInOlSX 

[0 0 2 6] 

t it, nmmmm 3 5 t tt« u ni k-^> h t lt\ 

B, A 1 n GaMl n01«XH2t£U:^ ^mWBMXltK 1 #*TO«SJtl3 
tLTV>^, 0 nltlgil3 5Oj?$ti0. 1 ^ mM± 1 0 fi mJ^TtJb 0 . 

^O^- Mgifct± 1X10 16 n/cm2j^TCl 
mZti&o ttz, %%}nM**VTWi&tel X 1 0 1 7/cm3^±5Xl 0 1 
VcmSj^T^^ tS«HllS^nIKw?> Kaifc&li 1 X 1 0 1 7/ 
cm3jJl±5X 1 0 1 VcmSj^mSo 
[0 0 2 7] 
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mil, pI^7 7FI3 4t:tt, pIF-;ryhi:lt> ^lx.(S'N> Ga, A 

1 X 1 0 1 6 ^/cm3j^Ji8X 1 0 1 8i/ cm 3^ Wit-It 1 0 1 
cm 3 ~l 0 1 8/ C m3<of&ffl-ei^£*L;z>o 
[0 0 2 8] 

O^JBSfr&o iilt 0 0 nm~5 7 

0 nmKX%imm-%^> K^f* y^^^-E g (3. 10eV~2. 18 
eVgSS) «:^ft-S*>0«:S^-r*o £*Ui, m^bBfe* X*Z%^-1r2>$db 
jlfeftWt?**^ # Wfeffcft t'^ffl "t ^ ^ & > «t«4 5 0 nm~5 0 0 nm 
tCTf§3fc"5Tf&&^> ? T^^V^-E g (2. 7 6 e V~ 2 . 48eVg 

m) ^^i-^^^^M^-r^o mft-mz&fbfc&m-f&bni^ ««2 so 

nm~4 0 0 n mtCTSKfeTTteft^V ? -fx.***?- E g (4. 4 3 eV 

~3. 10eV@JK) fcO&S&'t&o 
[0 0 2 9] 

Z>m^-ti>%2>o *fcR2 8 0 nm~4 0 0 n mO&*M&S&:**?T fcfc* 

*»^tt0^y^0. 5*>|KHfcT»8W&o M«I©^57KS3 2, 3 

4fcOM^jfi$^a^>K»^»^«.IS*^*--K^ttO. 1 eV~0 
. 3 e Vmfe, #*fltV-'9'-*afett0. 25eV~0. 5 e V*l&fc "t*^ 
v\> p MM g x Zni_ x OJS34. Mg y Zni- y Or&tt* 

3 3&tfnHMg z Z n i - z OS 3 2<£&MJfcx> y, z©St«OSKi:i 

[0 0 3 0] 

:*3SJfc3&&fci3V*-C«u 13i:^ti^:> pl^ 9 ? KH 3 4 Mg a 
Zn i-aOlffttfclill^k^ fffljUfCuCK N i 0*&v>t±L i O 
#t>fc&pMBfe4M&«3 4 bj&*4H$$*tTV*& 0 f LtipSt«3 4 b 
JtU pit: K-t° >yZtiitMg a Z n i - a OHBtfi$M5 3 4 a^XSfcSt 
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yWyryy p-df- t .j 7 i: L"C^1-^>«W, P mmitmm 34b tcn« • 
W«$tLJ2,(7)-e, Mg a Zn i- a OI»i3 4 a ^pIK-/Ohj|f 

*Uc < < ft «9 > ^0ftp D «K^ pliKtii MOM g Z n O 

[0 0 3 1] 

pS»l 3 4b t^t^Mg a Z n i - a OMSMfctt* 34a l±-m<DmM 
^)V®j^<D§m&BMt%:b%:\<*£7^ ^(DMW-^ 1 5 n m^±t:llt^ - 
[0 0 3 2] 

±IB p Hj» i*> MgZnOh ^T-Sifc & ffiafei" & o fll^ P M 
gtft#J§3 4blipS^77 K*3 4«f^tMg a Z n i - a 01M13 4 

£^t> 3&%8&sf£«>ig;T£*B < i i: Koft# s &o plf« 3 4b 

Oiff^^ft* fc<6 : fil8^l , C> l£pM$HtTO3 4 b i:itl>Mg a Z n 

i _ a ommtmm 34a toran^^si^^^ fciraflste 

3 4b^CuO^I>v^N i OfcTflMSI-***-**, MgZnOt^lW 

fc*o»iswf**3 -5^mnm^<ox\ vmmwom 3 4b *»#iw^t 

n0132 a<Dmm*2 0 nmJ^T\ «iLtf 1 5 nraSf<5iI|«t^i: 
[0 0 3 3] 
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, 2jfm_t^ -r^^^^opMm^Jis 4 b* P i^77 fs3 4<Dmzn 

t^St:fl$^#Mg a Z n i _ a OMMtttfJi 3 4 a ^/tj^SrfFfBL/cfS 
[0 0 3 4] 

m i <7>#&ftiiT- 1 # y?4 > ^ ? K.9 ^®ms 1 5 h^ie t * 

3 3 0«ttfcffl*$f&ft***±, #JPSR*r«2 2-CRit$*tT*flJlffi|ii«C5» 
*3femnm***fCflJl«)ffiS*tSo **3, n«E13 5f±ifrBi*3 3 J: *9 % 

o 

[0 0 3 5] 

? l', t7r^f7i«l 0±i:ZnOH^y7 7i 1 1 

^ft$-^-5>o ^>t% nmmmm 3 5 , ni^ 7 y m 3 2 . t&tt* 3 3 s.^ 

pW.?yy KS3 4 * toWJE^TJ-if * ^^J&ft Z.tib&mvx- 
\£9* s s*fr&&t\Z, f^MOVPEfe^L<liMBEftt:tM$^^i 
MO V P EW^i:wTp^!r^ ? o 
[0 0 3 6] 

MOVPE&l'i 19. /<7 7 7l 1 1> nMig^inJf 3 5, nI^5yK13 
2 , m^M 3 3 Wpl^ 7 y Vm 3 4 SrRI— HTjSiKW^^Rt? 
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• m#m#x immifAZRi^&ztbxs&ibK mtmt^m <d^x^ . 

o MWCf^ N20, N0> N0 2> CO, H2 0&if o N 

• ZnMtfX I ->^^^ffil& (DMZn) ,yxf« (DEZn) 

• Mgl^ : \£X 9 s9w*S9 9 Jx.=.fr~?y* a s*?J* (Cp 2Mg) 

• C uMtfA I A^t7nn7^rf;V7-b M — Yffitebo 

o 

[0 0 3 7] 

• S i flSitf* ^/yy^^^ v y n >7Kit«f& b\ 

• S eMif* : ^Vyitimttbo 

[0 0 3 8] 

A 1 > GaWIn^I I Il7cf0 1iltt2t^±^ V^xfS 

• A 1 ; > V ^f;V7^$-^A (TMA 1Kb 'Jxf^T^^vA 
(TEA 1 ) 

•Gal^l h'J^fW^A (TMG a ) . b y J^Vtf V ^ A (TEG 
a) &£f Q 

• I TiMJf* ; by^^W^v^A (TM In) J'Ji^W^A (T 
E I n) fc^o 

pihwr/bttt^lTct (Ga) tti>Kmm (N) **ffiffl3*L&^ 
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[0 0 3 9] 

i-^ihic,}: i) nMSmi4*#^><t 9 l^tT^> £v*U B, A 1 > GaP'In 
^<7) I I I ^7C^^> nl Kwr/ h t LT^»Un-r^> i^^f nMS«14 
Wi^atUv^o M> h^fcLTJi, A 1 > GaM'Inl^ 
Tli. p I F - a'> f (7)|TH Lf: ^ OffilCf If i So ttz, B KM L 
Tf±, $)xJ£^^> (B 2 H 6 ) *fflv^ii^el4o 
[0 0 4 0] 

[0 0 4 1] 

MO V P E O&JftsgSgWCTfir * 3 7 5 0 ICJSUl (fcrtf U S^^>M^ 

[0 0 4 2] 
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^1^0^^WJ-r^>^«6^2 5 0-3 5 0"C (^W^-C(i3 5 0 
°C) ^WLfcZti2>M~WLmW&Tmt&o fit, SE^^ffi^^l-tttim 

[0 0 4 3] 

1 §|$&&^:i:^0#^MT-Ji£ALE& (Atomic Layer Epitaxy^) \ZX ^ 
[0 0 4 4] 

-eo^ lMbtt:tf*£B&&##Lrt:£fU RJS#8lrttf>igJ&&4 0 0-8 0 
0XXzn&ZK2>i&—®M C*£tffcJBIR*C«i 7 5 0 *C) fcJWIU £ h 

£#&li£><b> Offi&^Ji ^ALEfeta *))&:ft$-£-C& £v> 0 
[0 0 4 5] 

77111 0^»Ti~tL{i\ nMl&»LJf 3 5 , nl7 9 y K* 3 2 
, Mtt® 3 3 M'pl^ 9 y K« 3 4 £ Cl oflgtfKTMO V P Eft £ i f) 
&o nl^5 7 KJ13 2t±, m^J±*#SEmT (WiLlft o r rJ^T) £T»f 

m g a z n i _ a omwumm 3 2 +»*w^) o# 

^liLoo, -SICJ: i9^#&1-^)o itLliiJ), nIHBdg#i»3 5t±, 
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Mg a Z n i - a OISI^!fci:nSKw<V K- tf >^$*tfe O fc 

LX&bti&o ti&s nM? y v Vm 3 2 l± % nMIS&iifrf 3 5 J: «9 fcEtf&tW 

[0 0 4 6] 

-e^, mn.m 3 3 Wpi^ 9 v vm 3 4 ^jirt-j&ssrfi^ ^ 0 p m * 9 v 

Ym 3 4li, EI3 i:^ti^ K> Mg a Z n 1 - a 4 a tpll 

«3 4 b tmi:«It^^^ ttMt^'H^^o H4ti, pi 
VMS 4%fctt&l&<DtfX&1&i'-*>X<0—W*&1'i><n^&2>o £ 

^NSIJ: M^$^NS0fc£&/h^*$Kt 0 ^«0*x.&— ^ P 

MBMMfc&JPiiBtf* ^ MgZn 0&JRig# * <0:fc«&*8§ffl KttJ&1" 

ft («e*:nao=o) RC</h«*»W^Jt&'t*^d««l!W Oft* : NAi 

) t si^wotUo sssaiar* t±^* ^ t^MNxo \- x 

[0 0 4 7] 

pl»13 4b^fWft$«^ii, Mg a Zn i - a OMiHWf 
3 4 a<0Jfcft*««Lfc#6pS»4Mfe*3 4 b mWMfti^tZ £ 9 

f^it^fi^c i^i^ IH4 ^i5V^T^-Ti 3 K> MgZnOiil^ 

JMlllfPi" & o £ <7)if-B\ p MSfett&JV 3 4blt p WMiYM ^MgZnOt t&*2S 

[0 0 4 8] 

M g a Z n 1 _ a OfSHMfc*WI 3 4a <^j£;K£#jh$^#»£\ pi 
f ffll 3 4 b J: ^ Ct^ ^ H tl^o i*Ui, H 4 fc$3V>T »i 

•T*o Mg a Z n 1 - a OI»fb^Jf 3 4 aOJ&ft*#±3*fcJRIRT\ pM@£ 
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[0 0 4 9] 

i M g a Z n i - a Oltftli 3 4 a WiSHC It pIK^r/> ( 

, M g a Z n i - a 03LBMfc$&« 3 4a <DWM#X +»*»^) 

— jgifcifcJ: ^tt»*ff*d £<*>J:3K-r 
£ fc, Mg a Zni_ a OMMfttf® 3 4a (iplFwry h ftfc K- fcf > 

[0 0 5 0] 

12 5 &~7jrf<J:d K> plFwr/M^ P S^7 7 KI3 4 0&£v> 
liMg z Z n i- z 0SJ@Hht>Ji3 4 a) 0 fe^MEK-tfV 

^» (&T> ^F-tfV^tv^) 34ct Mg z Zni- z oa*ft»i 
3 4 aO l^^mTO^iPi^r^l-S *><Db LT> I^t^iHtHo - 

pl^7 7 FJf 3 4^#^pIK-A> b^E«r«1-^)- t^-ei 
£<7>T;\ H«^$^i^it^o a F-tT>^«3 4cit Mg a Z n i 
- a OSHMMWi 3 4 a *tci$v»T 2J»J2l±JBJfflWt:^t-* i m^ffiiflt 

[0 0 5 1] 

* K~e>^JS3 4 c lcj3lt*pMK-^> plKwry^' 
XttKi l/2 0J^±l/4 5»Jf KHS-f & - 

i: 1/2 0 5H^Jf 3ciK*li^ v*??*?* YOW^mMMMMi^ifi 

7F-t-ftt%2> 0 tfc, 1/4 fr=f-Wt fcjSx. StpIK-^vh (D^Wkff&M t 
£ l) < & 0 > S&^^Oi&T^fco**** o £ fc, 5K-WI3 4cO 
BJfclfflHSli, MgZn0134 aWiMi:tl 0-5 0 O^eof&fflK 

t z> £ £ #a 4 iv^o io ^Ji5jc»-e pi K-/< > h <^^in***jft*J t * 
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9^-r< ft 9> mib^<D\&rm"'ot£ii t z>o iWj, 5 o o^m^mk^ 

[0 0 5 2] 

±ffi JK-^>^13 4ctt^ M g a Z n i - a OWmtW<OWM1?* (&M 
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